Over the last decade, there has been a tremendous increase in the use of image-based computational fluid dynamics (CFD) to study bioengineering problems. One of the reasons is that computational models, when combined with medical images, can be made patientspecific. This opened the spectrum of applications to a wide range of clinical problems and offered the possibility for the first time of translating this technology to the clinic. The transition from idealised models to realistic or patient-specific models has been possible due to advances in the fields of medical imaging and computational modelling. All imaging modalities have seen improvements in their quality and resolution. Three-dimensional X-ray digital subtraction angiography has seen a large improvement with flat panel detectors, whereas computed tomographic angiography has been tremendously advanced with multi-channel detectors. Magnetic resonance angiography has greatly progressed with the use of high-field scanners, to name a few. In parallel, the development and integration of tools for image segmentation, solid modelling, and meshing have markedly facilitated the construction of realistic models using patient-specific geometries.
Significant effort has been devoted to testing and evaluating these models. This activity can be divided into the following tasks: (a) model verification, (b) sensitivity analysis, (c) variability analysis, and (d) model validation. Verification is necessary to test whether the mathematical equations are properly solved and involves checking mesh independence, time-step independence, solution convergence, solution incompressibility, etc. Sensitivity analyses are necessary to understand the influence of different assumptions made during the modelling processes, for instance, accuracy of image segmentation and geometric modeling, truncation of upstream vessels, neglect of small side branches, specification of inflow and outflow boundary conditions, viscosity models, wall compliance, etc. Variability studies are also required in order to understand the effects of physiological changes such as heart rate, systemic pressure, etc. The main difference between sensitivity and variability is that sensitivity analyses are performed to demonstrate that the models are reasonable despite some simplifying assumptions and that the results will not substantially change if these assumptions are relaxed, whereas variability studies are concerned with changes in the quantities considered due to normal changes in the physiological conditions. Finally, validation studies are necessary to demonstrate the applicability of the models to the bioengineering or clinical problem being investigated. Validation involves comparing and demonstrating the consistency of results obtained with the computational models and other experimental models (in vitro models or animal models) and with in vivo measurements and clinical observations and data. The abovementioned four steps are very important for demonstrating the adequacy of the computational models and establishing their level of accuracy and reliability.
Image-based CFD methods have been applied to a wide range of bioengineering and clinical applications. These investigations can be subdivided into the following areas: (a) understanding diseases, (b) risk assessment, (c) treatment planning, and (d) device design and optimisation. While important progress has been made in each of these directions, substantial effort is still required to demonstrate the clinical utility of computational models and make them realistic, reliable, and robust enough to have a significant clinical impact.
Current trends towards these ends involve both methodological developments and applications of these models to specific scientific, engineering, and clinical questions. Some of the efforts include improving the accuracy and reliability of image segmentation and anatomical modelling methods, measurement and specification of realistic physiological boundary conditions, measuring vascular wall motions and fluidsolid interaction modelling, development of appropriate constitutive models for the blood rheology and vascular wall mechanics, and identification and extraction of relevant biofluid and biomechanical data.
Because vascular diseases are multi-factorial problems involving haemodynamics, vascular wall biomechanics, and wall mechano-biology, further understanding of the fundamental processes responsible for the initiation, progression, and outcome of these diseases requires accounting for all these factors and their interactions. Thus, research is being directed at connecting or coupling biomechanical stimuli to corresponding biological responses in order to model the disease process. Such models include arterial growth and remodelling, vascular degradation and damage, thrombosis, haemolysis, etc.
The aim of this special issue is therefore to summarise and provide examples of some of these research directions and stimulate further investigations that will shed light into the basic mechanisms of vascular diseases and will help model-based tools for patient evaluation and treatment planning become a clinical reality.
As a Guest Editor, I would like to thank the limited number of contributors who were invited to this Special Issue because of their stature in the field. They made possible a cohesive number of papers that illustrate current CFD research and hopefully will serve as a guiding light for further advances. 
